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 Background:  Tuberculosis (TB) remains a significant public health 
concern in Indonesia, with a high prevalence of cases, particularly in 
patients with comorbidities such as HIV infection, chronic obstructive 
pulmonary disease (COPD), diabetes mellitus (DM), and chronic kid-
ney disease (CKD). Evidence suggested radiological variations in chest 
X-ray findings among these complex conditions, which may pose sig-
nificant challenges in accurately diagnosing pulmonary TB in clinical 
practice. 

Objective:  This study aimed to provide a comprehensive understand-
ing of the variations in chest X-ray imaging in pulmonary TB patients 
with specific comorbidities, focusing on DM, CKD, and COPD. 

Methods: A cross-sectional study was conducted at Siti Khodijah Mu-
hammadiyah Sepanjang Hospital using standardized medical records 
and chest X-ray results of 50 pulmonary patients with comorbidities. 

Results: The most prevalent comorbidity was DM, with radiological 
findings including fibro infiltrates, consolidations, and cavities. CKD 
patients exhibited radiological features such as fibroinfiltrates, cavita-
tions, and pleural effusion, while COPD patients presented with fibro-
infiltrates and consolidations.  

Conclusion: The study provides valuable insights into the radiological 
manifestations of pulmonary TB and its comorbidities. It offers a basis 
for improved management and treatment strategies for patients with 
pulmonary TB and comorbidities. Further research employing longitu-
dinal designs and a balanced representation of comorbid conditions is 
recommended to enhance understanding of the interplay between TB 
and associated health conditions. 
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INTRODUCTION  

Tuberculosis (TB) has become a significant 

public health issue in Indonesia, with the coun-

try ranking second highest globally in TB 

cases.1 TB is an infectious disease caused by 

Mycobacterium tuberculosis, primarily affecting the 

lungs but also capable of affecting multiple or-

gans. WHO reports that globally, 10 million 

people suffer from TB annually, resulting in 1.2 

million deaths.2 In Indonesia, an estimated 

845,000 individuals are affected by TB, with 

98,000 deaths annually.1 In Sidoarjo, the num-

ber of pulmonary TB cases has risen, reaching 

157.37 per 100,000 population in 2019 com-

pared to 113 deaths in 2018.3 

The prevalence of TB increases among pa-

tients with comorbidities, particularly those 

with HIV infection, diabetes mellitus (DM), 

and chronic kidney disease (CKD).4 Comor-

bidity refers to the Presence of additional dis-

eases alongside the primary condition. Re-

search conducted in 2016-2017 by Syarifah 

Miftahul et al. found a 19.4% prevalence of pul-

monary TB among HIV patients at Ketergan-

tungan Obat Hospital (RSKO) in Jakarta.5 

Among them, males had a higher prevalence of 

HIV-TB at 76.2%. Complications of TB with 

diabetes mellitus are also noteworthy, with 

Kottarath et al. reporting a 19.6% complication 

rate. Diabetes mellitus represents a global epi-

demic impacting both developed and develop-

ing nations, with an estimated 15% of TB pa-

tients experiencing comorbidities with diabetes 

mellitus.6,7 Conversely, the occurrence of TB 

alongside CKD is relatively minimal.8–10   

Diagnosing tuberculosis may involve various 

methods such as chest X-rays, CT scans, Man-

toux or Tuberculin skin tests, and Interferon 

Gamma Release Assays (IGRA).11 A study in-

dicates that pulmonary TB patients with DM 

tend to exhibit more severe chest symptoms 

compared to those without.12 Additionally, ev-

idence highlighted common radiological ab-

normalities among pulmonary TB patients, 

which include cloud-like shadows, cavities, and 

fibrosis. Routine chest X-rays for HIV-TB pa-

tients also revealed interesting anatomical dis-

tinctions, in which fibro infiltrate was predom-

inant in the middle and lower lung regions 

when CD4+ levels were ≤200 cells/µL.13–15  

Acquiring chest X-rays using the posterior-an-

terior (PA) projection is imperative. Pulmonary 

tuberculosis (TB) presents distinct radiogra-

phic manifestations categorized as primary and 

post-primary (secondary) TB. Radiological fea-

tures of TB evident on chest X-ray examina-

tions include primary TB signs such as periph-

eral pneumonic Consolidation (Ghon focus) 

with associated hilar lymphadenopathy (pri-

mary complex), typically resolving with calcifi-

cation and small to extensive consolidations af-

fecting one or more lobes of the lung. Post-

primary TB signs include consolidations or 

patches in the superior lobes/apical regions of 

the inferior lobes, often accompanied by cavi-

tation, pleural effusion, pleural thickening, or 

empyema, and miliary TB characterized by dis-

crete 1-2 mm nodules disseminated through-

out the lung fields due to hematogenous 

spread. Additionally, findings such as infiltra-

tes, representing fine opaque thread-like opac-

ities typically seen at lung apices, consolida-

tions involving most of the upper or lower lung 

parenchyma, often with indistinct borders and 

air bronchograms, pleural effusion indicating 

an imbalance in pleural fluid formation and 

drainage cavitations displaying round radiolu-

cent lesions without lung markings, sometimes 
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with fluid levels, and tuberculomas, well-de-

fined focal masses resulting from M. tubercu-

losis infection and representing a more severe 

form of tuberculosis morphology, may be en-

countered.13-15 

This study marks a pioneering endeavor, de-

manding a concentrated examination of chest 

X-ray interpretations among pulmonary tuber-

culosis patients with concurrent comorbidities. 

It aims to elucidate the correlation between tu-

berculosis and comorbidities in exacerbating 

lung damage, as evidenced by chest X-ray find-

ings. Drawing from secondary data obtained 

from patient's medical records and chest X-

rays, this research endeavors to unveil nuanced 

insights into the interaction between tubercu-

losis and comorbid conditions. This study aims 

to comprehensively understand the complex 

interplay between tuberculosis and comorbidi-

ties by leveraging existing data, informing more 

targeted interventions and improving patient 

outcomes.  

METHODS  

Study Design and Setting 

This cross-sectional study was conducted in 

July 2023 at Siti Khodijah Muhammadiyah 

Sepanjang (SKMS) Hospital. The methodol-

ogy and reporting of the study adhere to the 

Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) Guide-

lines for cross-sectional studies. 16 

Study Population 

Standardized medical records documenting 

pulmonary TB cases in SKMS Hospital were 

collected by consecutive sampling technique 

and screened based on the following inclusion 

and exclusion criteria: Inclusion Criteria: New-

ly diagnosed pulmonary TB patients who have 

undergone chest X-ray and Tuberculosis Cul-

ture Medium (TCM) or Acid-Fast Bacilli 

(AFB) examination, Pulmonary TB patients 

within the time frame of 2017 – July 2023, Pul-

monary TB patients with comorbidities such as 

DM, HIV, SLE, CKD, and COPD, with sup-

porting tests including NAAT and chest X-ray. 

Exclusion Criteria: Pulmonary TB patients 

with multi-drug resistant (MDR) TB, as well as 

patients who have failed therapy and recurrent 

cases. 

Data Collection 

The data extracted from each eligible medical 

record included demographic information 

such as sex and age, as well as details on 

comorbidities and radiological findings from 

chest X-rays of pulmonary TB. These samples 

were obtained from secondary data available in 

medical records, laboratory, and radiology data 

from January 2018 to July 2023. After receiving 

the samples, the radiological findings were an-

alyzed by three specialist radiologists and then 

evaluated. The study's results included patient 

name, age, gender, medical record number, ra-

diological images, and comorbidities.  

Operational Definitions of Variables 

Comorbidity refers to the Presence of addi-

tional medical conditions or diseases alongside 

pulmonary tuberculosis, regardless of whether 

they preceded TB or manifested concurrently. 

The comorbidity being sought in this study in-

clude diabetes mellitus (DM), chronic obstruc-

tive pulmonary disease (COPD), and chronic 

kidney disease (CKD):  
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Diabetes Mellitus (DM): Fasting Plasma Glu-

cose (FPG) ≥126 mg/dL on two separate oc-

casions OR, Hemoglobin A1c (HbA1c) ≥6.5% 

on two separate occasions OR, Oral Glucose 

Tolerance Test (OGTT) with plasma glucose 

≥200 mg/dL two hours after a 75g oral glu-

cose load OR, Classic symptoms of hypergly-

cemia or hyperglycemic crisis with a random 

plasma glucose ≥200 mg/dL, Chronic Kidney 

Disease (CKD): Estimated Glomerular Filtra-

tion Rate (eGFR) < 60 mL/min/1.73m² for 

three months or more, with or without evi-

dence of kidney damage OR Kidney damage 

markers such as albuminuria (albumin-to-cre-

atinine ratio (ACR) ≥30 mg/g) or urine sedi-

ment abnormalities OR Imaging abnormalities 

suggestive of structural kidney disease for three 

months or more, with or without eGFR <60 

mL/min/1.73m², Chronic Obstructive Pul-

monary Disease (COPD): Post-bronchodilator 

forced expiratory volume in one second 

(FEV1) to forced vital capacity (FVC) ratio 

(FEV1/FVC) <0.70, indicating airflow limita-

tion that is not fully reversible OR Presence of 

chronic respiratory symptoms such as dyspnea, 

chronic cough, and sputum production OR 

History of exposure to risk factors such as 

smoking, occupational pollutants, or biomass 

fuel smoke, in addition to compatible clinical 

findings and imaging studies consistent with 

COPD. 

The radiological findings on chest X-rays were 

validated subjectively, relying on the conclu-

sions provided by three radiologists' notes, 

which include fibro-infiltrate (FI), Consolida-

tion (CON), Cavity (CAV), pleural effusion 

(PE), and Tuberculoma (T): Fibro-infiltrate: 

refined thread-like radiopaque appearance, 

Consolidation: a complication resulting from 

bronchial erosion and bronchogenic spread of 

pulmonary TB disease due to bronchial com-

pression caused by parenchymal abnormalities, 

including changes in volume with somewhat 

blurred margins and sometimes visible air-

bronchogram. Consolidation predominantly 

involves either the upper or lower lung; pleural 

effusion: an excess of fluid in the pleural space 

indicating an imbalance between pleural fluid 

formation and drainage. Cavity: a cavity in the 

lung formed due to lung tissue damage. Cavi-

tary appearance presents as a round image with 

radiolucency without lung markings. Some-

times, cavities can contain fluid, resulting in an 

air-fluid level appearance. Tuberculoma (tuber-

culosis granuloma) is a well-defined focal mass 

resulting from M. tuberculosis infection, repre-

senting one of the more severe morphological 

forms of tuberculosis. 

Statistical Analysis 

The data analysis process in this study was per-

formed using GraphPad Prism version 9.5.1 

for MacOS (GraphPad Software, Boston, Mas-

sachusetts, USA). Descriptive statistics analysis 

for contingency was conducted to identify the 

frequency (N) and percentage (%) of the chest 

X-ray findings across different pulmonary TB 

comorbidities. A donut chart was generated to 

visualize the proportion and distribution of the 

results. 

Ethical Clearance 

The research protocol of this study has been 

approved by the Health Research Ethics Com-

mittee of SKMS Hospital on 06 July 2023 with 

a reference number of 013/KET-KEPK/7-

2023. 
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RESULTS 

Baseline Characteristics 

Two hundred and twenty-three (223) second-

dary data from TB patients with comorbidity 

were initially retrieved before the screening. 

After the exclusion of 173 samples due to the 

absence of the predetermined comorbidity 

among patients, the sample size was reduced to 

50. A total of 50 pulmonary TB patients with 

other comorbidities were then subsequently in-

cluded in the analysis. The average age of the 

study samples was 55.94 years (SD 10.56), with 

the majority being male (82%). The predomi-

nant comorbidity among pulmonary TB pa-

tients was diabetes mellitus (DM), comprised 

of 43 individuals (86%). Additionally, four pul-

monary TB patients (8%) had chronic obstruc-

tive pulmonary disease (COPD). One individ-

ual (2%) each presented with other comorbid-

ities, including chronic kidney disease (CKD), 

DM, and COPD, as well as DM and CKD (Ta-

ble 1). 

Chest X-Ray Findings 

The most common radiological chest X-ray 

findings among pulmonary TB patients with 

DM was fibroinfiltrate and Consolidation 

(33.33%), followed by fibroinfiltrate only 

(26.67%). In their chest X-ray results, a small 

part of pulmonary TB patients with DM also 

exhibited Cavity alongside fibroinfiltrate and 

Consolidation (11.11%). Fibroinfiltrate only 

and its combination alongside Consolidation 

were the radiological chest X-ray found in pul-

monary TB patients with COPD, with the for-

mer being the more prevalent (60% vs 40%). 

Two radiological chest X-ray findings were dis-

tributed to each of the two pulmonary TB 

cases with CKD, including fibroinfiltrate and 

Consolidation as well as fibroinfiltrate, Cavity, 

and pleural effusion (Table 2; Fig. 1). This 

study also identified radiographic des-

cripttions of TB patients with dual comorbidi-

ties, namely TB with diabetes mellitus (DM) 

and chronic obstructive pulmonary disease 

(COPD), and TB with DM and chronic kidney 

disease. In cases of TB with DM and COPD, 

only infiltrates were observed, whereas TB pa-

tients with DM and chronic kidney failure ex-

hibited both infiltrates and consolidations on 

radiographs. 

DISCUSSION  

In general, the clinical manifestation of 

pulmonary TB can be influenced by three ma-

jor factors, including the MTB agent (virulence 

factors), host (nutrition, host immune respon-

se), and environment (treatment being given, 

nearby residence). The pathogenic process of 

pulmonary TB involves several virulence 

factors, including a high mycolic acid content 

in the bacterial outer capsule, which hinders 

phagocytosis by alveolar macrophages. During 

the infection process, two main morphological 

changes occur in macrophages: the formation 

of multinucleated giant cells and epithelioid 

cells. Giant cells are conglomerates of fused 

macrophages that enhance phagocytosis. 

These giant cells and surrounding lymphocytes 

and other cells form granulomas around Myco-

bacterium particles. Over time, these granulo-

mas expand but undergo an impaired healing 

process through macrophage-mediated phago-

cytosis of the bacteria, leading to fibrosis in the 

affected areas. As bacterial numbers increase, 

macrophages accumulate in specific lung re-

gions, resulting in caseous necrosis and, even-

tually, lung cavities.  
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 Table 1. Baseline Characteristics (Total=50) 
Variable N (%) 

Sex  
Male 41 (82%) 
Female 9 (18%) 

Age (y), mean±SD 55.94±10.56 
Comorbidities  

Diabetes Mellitus 43 (86%) 
COPD 4 (8%) 
CKD 1 (2%) 
Diabetes Mellitus and COPD 1 (2%) 
Diabetes Mellitus and CKD 1 (2%) 

 
Table 2. Chest X-Ray Findings Across Different Comorbidities 

CXR Findings in Comorbidity N (%) 

DM (Total=45)  
Fibroinfiltrate only 12 (26.67%) 
Pleural Effusion only 1 (2.22%) 
Fibroinfiltrate and Consolidation 15 (33.33%) 
Fibroinfiltrate and Cavity 2 (4.44%) 
Fibroinfiltrate and Tuberculoma 1 (2.22%) 
Consolidation and Pleural Effusion 3 (6.67%) 
Fibroinfiltrate, Consolidation, and Cavity 5 (11.11%) 
Fibroinfiltrate, Consolidation, and Pleural Effusion 2 (4.44%) 
Fibroinfiltrate, Consolidation, and Tuberculoma 1 (2.22%) 
Fibroinfiltrate, Cavity, Consolidation, and Tuberculoma 1 (2.22%) 
All Findings* 1 (2.22%) 

COPD (Total=5)  
Fibroinfiltrate only 3 (60%) 
Fibroinfiltrate and Consolidation 2 (40%) 

CKD (Total=2)  
Fibroinfiltrate and Consolidation 1 (50%) 
Fibroinfiltrate, Cavity, and Pleural Effusion 1 (50%) 

 

 
 

Figure 1. Donut Chart of Chest X-Ray Findings in TB Patients with Diabetes Mellitus, COPD, and CKD. Abbrevia-
tions: FI: fibro-infiltrate; PE: pleural effusion; CON: consolidation; CAV: cavity; T: tuberculoma 

 

However, pulmonary TB can also present atyp-

ical lung manifestations, especially in those 

with comorbidities such as HIV/AIDS, which 

demonstrate altered patterns of infection de-

pending on their CD4 count. This study inves-

tigates the most common comorbidities across 

pulmonary TB patients with their respective 

chest x-ray findings. 15  
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Diabetes mellitus (DM) is the most prevalent 

comorbidity of pulmonary TB patients in 

SKMS  Hospital. Although the precise nature 

of the time-regulated interaction between type 

2 DM Immune dysfunctions presented in DM 

has been proposed to increase the risk of TB 

infection, which could also exacerbate its 

prognosis.17 Uncontrolled diabetic status was 

associated with impairment of macrophages, 

which serves as a crucial immune cell for the 

host defense against Mycobacterium tuberculosis 

and its eradication.18–20 Based on our findings, 

the most common radiological features of 

pulmonary TB-DM patients include fibro-

infiltrates, Consolidation, Cavity, pleural effu-

sion, and Tuberculoma, consistent with prior 

studies.21,22 Radiological variations of pulmo-

nary TB presentations in DM were highlighted 

by other studies reporting combinations of 

infiltrates, pleural effusion, fibrosis, calcifica-

tions, and pleural thickening.23,24 A study con-

ducted in China demonstrated that hyper-gly-

cemia poses a risk factor for the development 

of pulmonary cavity formation and lobe le-

sions in patients with tuberculosis and diabetes 

mellitus (TB-DM). Additionally, hyperglyce-

mia was found to suppress the absolute counts 

of total T lymphocytes, CD8+ T lymphocytes, 

and natural killer (NK) cells in patients with 

TB-DM.17 

The role of CKD in pulmonary TB involves 

complex interactions between compromised 

immune systems and physiological alterations 

in renal function.25 The tuberculosis (TB) inci-

dence varied according to the severity of kid-

ney function impairment. Patients with no 

chronic kidney disease (CKD) or stages 1 and 

2 CKD showed similar TB incidence rates, but 

there was a noticeable increase in incidence 

from stage 3a CKD onwards. 25 Decreased 

phagocytic function and macrophage activity 

were also noted in CKD patients, contributing 

to an immunodeficient state that impairs the 

host response to TB infection.26 Additionally, 

neutrophil dysfunction further compromises 

the ability to clear Mycobacterium tuberculosis.27 

Due to these alterations in key cellular immun-

ity processes, CKD patients are more suscepti-

ble to latent TB infection, often pre-senting ra-

diological features such as infiltrates, cavita-

tions, pleural effusion, and Consolidation. 

These findings are consistent with a prior study 

that identified common pulmonary TB lesions 

in CKD, including infiltrates, Cavity, pleural 

effusion, and Consolidation.28 However, the 

study also acknowledged the evidence of fibro-

sis as a radiological presentation in this condi-

tion.    

The COPD comorbidity in pulmonary TB pa-

tients highlighted the complex interactions be-

tween Mycobacterium tuberculosis infection and 

pre-existing lung conditions. COPD patients 

typically have respiratory pathways that have 

undergone pathological changes, such as bron-

chial narrowing and increased mucus produc-

tion. These disruptions can affect the body's 

ability to clear TB bacteria and raise the risk of 

TB infection. COPD often leads to decreased 

lung function, posing significant challenges in 

TB management and treatment.29-31 The com-

bination of TB symptoms and COPD can 

worsen patient prognosis and quality of life. 

TB in COPD patients can trigger a more in-

tense systemic inflammatory response, impos-

ing additional burdens on the cardiovascular 

and metabolic systems.32,33 Radiological find-

ings in TB patients with COPD typically in-

clude infiltrates, consolidations, and cavita-

tions, with no evidence of pleural effusion or 

Tuberculoma. In a case report by Simamora 
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and Rasyidah (2020), TB patients with COPD 

had infiltrates, consolidations in the upper or 

middle regions, thick-walled cavities, and cavi-

ties surrounded by Consolidation.34 A study 

also reported that the combination of TB and 

COPD could lead to lung tissue damage and 

enlargement of mediastinal lymph nodes as a 

response to infection and inflammation.35 

Radiological features used to diagnose TB in-

clude infiltrates or nodules, typically observed 

in the upper lung fields, cavitations, calcifica-

tions, Ghon's effect, atelectasis, miliary pat-

terns, and tuberculomas (lesions resembling 

coin lesions). Pulmonary TB patients with 

comorbidities such as DM, CKD, and COPD 

tend to exhibit more severe thoracic involve-

ment compared to those without comorbidi-

ties. Overall, a more severe presentation of TB 

is observed in patients with severe comorbidi-

ties compared to those with newly detected 

comorbidities.36 Although the exact patho-

physiological mechanisms of these comorbidi-

ties remain unknown, some hypotheses sug-

gest a link to cellular immune depression, alve-

olar macrophage dysfunction, low levels of in-

terferon-gamma, pulmonary microangiopathy, 

and micronutrient deficiencies.37,38 This study 

provides a deeper understanding of the rela-

tionship between pulmonary TB and comor-

bidities such as DM, CKD, and COPD. Re-

search outcomes also reflect the diversity of 

chest X-ray findings in TB patients with spe-

cific comorbidities. This information can serve 

as the basis for developing improved manage-

ment and treatment strategies for patients with 

pulmonary TB and comorbidities. 

While this study provides valuable insights into 

pulmonary tuberculosis (TB) 's radiological 

manifestations and comorbidities, several limi-

tations warrant consideration. Firstly, the 

cross-sectional design restricts our ability to es-

tablish causality or assess temporal relation-

ships between variables. By focusing solely on 

chest X-ray images obtained during the initial 

TB diagnosis, we may miss significant changes 

or developments over time, limiting the depth 

of our analysis. Moreover, the uneven distribu-

tion of comorbidities, particularly the prepon-

derance of diabetes mellitus (DM), introduces 

potential bias and complicates the generaliza-

bility of our findings. Future studies employing 

longitudinal designs and ensuring a more bal-

anced representation of comorbid conditions 

could provide a more comprehensive under-

standing of the interplay between TB and its 

associated health conditions. 

CONCLUSION 

In conclusion, this study provides a detailed 

overview of the prevalence of pulmonary TB 

and its association with comorbidities, mainly 

focusing on the variations in chest X-ray imag-

ing and the resulting lung damage. The most 

prevalent radiological findings in pulmonary 

TB patients with DM were fibroinfiltrate and 

Consolidation, followed by fibroinfiltrate. 

Among CKD patients with pulmonary TB, the 

radiological findings included fibroinfiltrate 

and Consolidation and the combination of fi-

broinfiltrate, Cavity, and pleural effusion. The 

predominant radiological findings in pulmo-

nary TB patients with COPD were fibroinfil-

trate only, followed by its combination with 

Consolidation. These findings provide valua-

ble insights into the complexities of pulmonary 

TB in patients with comorbidities, laying the 

groundwork for future investigations and de-

veloping enhanced management strategies. In 
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upcoming research endeavors, it's recom-

mended to adopt a Cohort-based approach. 

This methodology will offer a comprehensive 

understanding of the evolution of X-ray im-

ages throughout the treatment timeline, ena-

bling researchers to track changes over time ef-

fectively. 

Additionally, it's vital to validate X-ray findings 

against the patient's clinical condition and 

compare them with X-ray results from patients 

diagnosed with TB. This study identified dis-

parities in the numbers and distribution of pa-

tients with concurrent illnesses. To ensure 

more consistent and accurate results in future 

investigations; efforts should focus on balanc-

ing the distribution among patients with 

comorbidities. This adjustment will provide a 

more precise depiction of the population un-

der scrutiny. Furthermore, details on infiltrate 

distribution across the upper, middle, and 

lower lung regions are advised for the X-ray 

variable. This augmentation will deepen in-

sights into X-ray characteristics within each 

lung section, thereby enhancing diagnostic ac-

curacy and treatment efficacy.  
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